A joint decoding method for space-time block codes [1, 2] is presented. The space-time coded signals can be viewed as a fi rstorder Markov chain, permitting the development of a Multiple Model algorithm. Therefore the quasi-static assumption [2] can be relaxed and joint channel and symbol estimation is carried out at each time-instant as opposed to at the end of a block duration.
INTRODUCTION
The wireless channel suffers attenuation due to multipath, interference of other users and channel fading, often statistically modeled as Rayleigh distributed, which makes detection of the transmitted signal at the receiver diffi cult. It was assumed that the channel is quasi-static flat fading and spatial diversity was achieved by deploying multiple antennae at the transmitter [2] . Early work which studied transmit diversity were [3, 4, 5] . More recently, spacetime trellis coding was proposed by [2] , which generalized the two transmitter scheme developed by [1] , and provides signifi cant gains over [3, 4] . These methods provide full spatial diversity and half or 3/4 of the maximum possible transmission rate for specifi c signal constellations. They also have a very simple maximum likelihood decoding algorithm based only on linear processing at the receiver. Later work [6] considered performance results when channel state information was not known and same decoding criteria was used with two stage channel estimation and decoding. The limitation of the method in [6] is that it assumes the channel is quasi-static and that all received signals during one frame duration are independent. The bit-error-rate (BER) performance of the decoder when path gains vary rapidly is unclear.
The novelty of this paper is the development of a joint decoding strategy based on multiple model theory for space-time coded signals. Considering the Markovian properties of the transmitted signal a maximum a posteriori (MAP) symbol-by-symbol algorithm is proposed. The advantage of the space-time multiple model decoder (MMD) is that it can be implemented at each time instant as opposed to the maximum-likelihood decoder which decodes the transmitted symbols at the end of each block duration. Decoding at each time instant also means that higher transmission rates are possible but at the expense of decreased performance. By implementing a set of parallel fi lters, each matched to a system mode in the multiple model system a joint channel estimator and MAP symbol decoder can be developed. Extension of the work presented here to frequency-selective channels is straight forward. Markov property with respect to the fi rst row and the respective transition probability matrix will be denoted as I1 (g2). Hence for code g2, where p = 2, the transition probability matrices during the block duration pT at time instances 2i and 2i + 1, are IHO (g2) and HI1 (g2) and are given in Tables 2 and 3 Table 2 . Transition Probability Matrix Io (g2). 
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The transition probability matrix at time instant 4i will be,
The transition probability matrix at time instant 4i + 1 will be,
The transition probability matrix at time instant 4i + 2 will be, 
HYBRID SYSTEM APPROACH TO THE STC MODEL
The objective is to fi nd the transmitted symbol sequence from measurement sequence (17). The rapidly time-varying channel is tracked by,
) for some known F,(typically with F = fINRNT for some scalar 0 <K f < 1 [8] ). Note that f = 1 will result in a Random-Walk model. w(i) is driving disturbance which is statistically independent and Gaussian distributed i.e., .J(O, p2INRNT). The MIMO system state-space model, (19), (17), is posed as a hybrid system and through state estimation the system's behavior is tracked along both its continuous state (channel gain) changes and its discrete state (symbol) changes. It is common to refer to the discrete state of the hybrid system as system's mode. [9] . The transition probability matrices for the block duration of length pT will be, P(mpmq, 1)
[HO]qq' [Hl] Hence the channel estimate can be calculated using a parallel set of mode-matched Kalman fi lters. The previous channel estimate is substituted for by the mixed estimate of the mode conditioned posterior estimates from the previous time. This is determined as, 
